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RACLTATIVL UE SHORT-PERIODICAL 0SCILLATIONS OF THE EARTH'S
MAGNETIC FIELD DURING SUDDEN COMTUCEMENT OF MAGNETIC STORMS.
(The full text is in press in Publ. Crimean QbB. 1958)

by A.S. DYORJASHIN

The sharp variation of the Earth's magnetic field during
sudden commencement 1is 1nterpretated as a result of a pessnge
of the shock wave /1-3/, crossing the interplanetary space
and having its origin in the soler flare /4-?/ or os @
result of the movement of corpusoular stream. This explaﬁation
is possible, because the density of interplanetary space /8-13/
is equal 102--103 1one/cm3. It is difficulty to explein the sharp
front into conditions of 1ow density of interplanetary medium
when the mean free path is large. The velocity of magnetchy-
drodynamic sound in the interplanetary spacew~; 10 om/8ec .y
when Hw 10'5 geuss, The shock wave 1is strong. sccording to H.Ke
Sen /l4/, the width of the shock front of strong shock weve
is equal to severel meen free path within shock. The thermal
velocities of ions are comparable with macroscopical ges velo-
city beyond the shock front of the strong shock wave, Conse-
quently, if the shock front is produced, the temperature beyond
the shock front has a value of millions degrees, The mean free
path determined by the expression /15/

). - kTWZ 4 4 ’
2\["5 n,.z2'e A5(2)
where
a,l2) = 4ln ﬁ§7§ ,
n*' ‘e
is equel t» 3.10150m., when ny ¥ 103ions/cm3 and A2(2) 90.
(It is assumed, that the average temperature within shock .
front is equal to mean arithmetical value of it initial and
final values, The expression 1l mi'v2 was substituted 3nsdtead KT) .

The obtained value ( )\a'i.lolscm) i{s substontially larger
than the width front, required by the duretion of the sudden

commencement of megnetic storm. Therefore with the assumed
conditions we cannot explain the sharp jump of megnetic field
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during sudden oommencement,

It can be shown, that & sharp front may be produced only
when the magnetic field and finite conductivity are taken in-
to consideration., In this canse the width of shock front will be
determined also by electromagnetical mechanism of dissipation,
Consequently the width of the shock front may be considerabdly
smaller than\, The precise caloulation of the width of shock
front when h is essentually larger than Larmor radius is not
yet been carried out. In the simple case when conductivity of
medium is isotopic /16/ the width of shock front would be
many times larger than

* 2

)\.

4 E;al
where is conduotivity, a," q X fl - sound velocity.

The front of jump must be sharp, whel the conductivity is

large. Conductivity of interplanetary space is equal to

lollel. stat, units, when T~'103 oK. sccording to S.Chapman /12/,
the temperature may be essumed as high as 105 °k. In this

case G‘ ¥ 101‘+ el.stat. units. The exceptionally sharp front

of jump occurs in these two extreme cascs- smeller 10 om,
Certainly if the density is low and conductivity is anisotropie
the numeral value of ° jump would hcove other value, "e can sup-
pose however that the estimqte obtained gives evidence in fa-

vour of sharp character of variation in tho field within the
Jump.,

The incidence of the shock wave (with velocity 1500 Kpysee/
upon the ionized medium /17-13/ in the presence of geomcgne-
tic field must cause some oscillations of the medium, vhich
must propagate as magnatohydrodynamic waves., In this connection
gsuthor examined the fine structure of variation of gcomagnetio
field during the sudden cormmencement of mognetlc storms. The
records of veriation of the Iarth's magnetic field has been
analyzed. These records were obtained at Crimean Astrophysioal
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Observatory by means of fluxmeter+) (Fig. 1), Excitetion of
short-periodic oscillations of geomagnetic field during sudden
commencement was detected on the rcoords studied (Fig.2,3,4),
These osollletions are characterized by the follov~ing properti-~
e8;

1, The sigh of the first oscillation is always positive and

corresponds to the increase of the field.

2., The amplitude of the first oscillntion as a rule 1s thc

highest, The average amplitude is equal A & 0.Ce¢ O.IX,

3. The periods of oscillations eare 12-15 sec,

4, The oscillations attenuate  in 1-2 min

S, It is possible there is the dnily (diurnnl) verintion

of emplitude of oscillations exitated during {SC. This
question would be examine later on,

Dungey /20/ was the first who panid attention to the
ripples observed sometimes on the nognetogramnms, The theory of
magnetohydrodynemics was applied by him to explain this pheno-
menon, This idea was developped quickly by many investigators
in the field of astrophysics, The "Pc" and "Pt" types pulsations
vere investigated /21-23/ . Tulsctions exoitated during SSC
are studied in this paper. It should be noted that is very
diffioult to record the oscillations'during SSC because the
megnetic field increases very rapidly. '

The origin of a standing wave is necessary in order to po-
riodic oscillations can occur, The path of propagation of this
wave must be restricted by reflection, This reflection con occur
for example when the electron density a, increases rapidly.
Knowing the pericd of oscillations, me can determine the wave
length, vhich is comparable with the denensions of systen., The
velocity of Alfven's waves 1is depend on.P . It was shovn /24/,
thot the neutrel part of the atmosphere cen not take port inte
oscillations, Therefore the velocity of negnetohydrodynemic
waeve is determined only by the plesna density, that is of the
ionized part of atmosphere. The neutrel atoms, firstly, dc not
take part in the movement under consideretion. The only effect

7Y The more detailed description of this equipment see innals
vafslnternational Geophysicnl Vear vol,IV,parts IV-VII p.304%,
1957
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of the neutral atoms is to provide frictional resistence to
movement of the ion plasma under the influence of the elec-
tromagnetic field and to transform the wave energy into heat
("frictional losses" /25-28/ ). Consequently, the velocity
of Alfven’s wave is V ~ 2.10% cm/sec., when the ionic
concentration n, ~ 10° ions/cm3 and H~ 0,3 gauss.

Taking the average period of pulsations equal to approxima=-
tely 15 sec., we obtain the wave length L=V.T.= 30000 km,

"Thie means, that the oscillating system can not be restricted

by fluctuations density in the ionosphere, as Dr. B.Lehnert
/29/ supposed in order to explain the giant pulsatibns, obs.r~
ved in the auroral zone. The value we obtained exceeds the
Earth’s diameter. We conclude that the wave travels along the
Earth’s magnetic lines of force, which crosses the ionosphere
in the geomagnetical=-conjuzate points. The wave reflect as
soon a8 the line of force enters in the ionosphere. Some parts
of energy can penetrate through ionosphere at every reflection
causing the pulsation observed,

The diesipation of energy is caused partly by this pene-
tration and partly by the Joule /30/ and "frictional" losses
/25=28/. It is easy to show, that the Joule losses are not
substantial for periods lesser than few minutes. The frictionall
lossee in the interplanetary space are small due to the low
relatively abundance of neutrel atoms. However they can be
substantial for the penetrating waves, passing through the
ionosphere,

The principal mechenism of impulse-transmissions from ions
to the neutral atoms is the charge transfer reaction (the
cross section of the elastic collision is less than the cross
section of the charge transfer reaction). Therefore the time
of the charge tranefer reaction will determine approximately the
time of dissipation of energy. The free path of ions before the
charge transfer reactiont"VIOv cm in the F2 layer and 2.1050m
in the F1 layer. The small value ofﬂ.~in F1 layer restricts the
possibiiity of production of standung magnetohydrodynamic waves
in thie layer, because the time of the charge transfer reaction
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is of order to some seconds.

The attenuation of magnetohydrodynamics waves due to the
interactions with neutral atoms 1is not substantial in the model
Supposed, because the most part of the wave is situated over the
F2 layer. The oscillation may be’maintained in the F2 layer due
to the magnetic energy trsnsmitted from the higher layers
along the lines of force. Attenuation of the wave running through
Fl layer could not be completed because the wave propagates
with the velocity having order of magnitude V ~ 5.107 cm/sec.
So the wave will interscet the layer in the time of only about
0.2 sec. During this time the oscillating, ion will pass
about 2.10% cm, and the charge transfer reactions would not ta-
ke place. As for the layer E., the time of crossing it by thc
wave is hicher than the time of charge transfer reaction. This
is a difficulty of the hypothesis proposed. This relates to any
other hypothesis explaining the appearence of short-periodic os~
cillations.

It should be noted, that the excitation of short-periodic
oscillations during SSC do not necessary require the presence
of the shock wave. It is posaible to explain the short-periodic
oscillations by the usually considered corpuscular Chapman-Fer-
ro stream also,

We must suppose that the corpuscular beam consists of se«
parate corpuscular clouds. These clouds must contain a "frozen-—
in" magnetic field. The existence of theee frozen-in magnetic
'fields follows from the study of cosmic ray storm variation
/31-32/,

The short~- periodic oscillations observed when magnetic
field is disturbed (bay with pulsetions) can be explained by
the e¢xcitation of mazgnetohydrodynamic waves by the shocks of
separated corpuscular "cond:rsations", carrying a "frozen-in"
magnitic fields /33/. The inte¢ractinns these corpuscular
"eordeicatinons" with ths Earth’s magnctic field was examined in
/34=35/,

In conclusion the writer wishes to express his sincere
thenks to S,B.Pickelner for his valuable instructions.
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